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What is the effect of ocean acidification in 
coastal waters? 

• Regional chemistry data indicates that 
U.S. West Coast waters are becoming 
increasingly acidified 

• We know less about biological changes

• Understanding changes in biology helps 
put chemistry changes into context

Depth to “corrosive” waters on U.S. West Coast



Biological impacts define the problem 

• Managers are already moving towards 
combination of chemical and biological 
thresholds for assessment of OA impacts
• Oregon 303(d) listing

• Chemistry thresholds are mapped back to 
biological impacts
• Many of which are derived from laboratory 

studies



Oregon DEQ Proposed Assessment Matrix 
for 2024 Integrated Report

Aragonite Saturation State (Ω)

% Pteropods 
with severe 

shell 
dissolution

Ω < 1.0 1.0 ≤ Ω ≤ 1.4 Ω > 1.4 NO DATA

≥ 62 % Impaired

< 62% and > 40% Impaired Undetermined

≤ 40 %
Undetermined

Likely unimpaired

NO DATA No assessment



Building managerially relevant OAH monitoring

• Build out and sustain a West Coast monitoring program that includes 
coupled biological and chemical measurements of OA impacts over large 
spatial scales
• West Coast Ocean Acidification and Hypoxia Science Panel – 2016

• Assessments of biological impacts are few and existing efforts are not 
standardized and poorly coordinated

• The Ocean Protection Council (OPC) is supporting collaboration among 
California’s existing regional monitoring programs



WCOA 21 Aragonite Saturation State

• NOAA- West Coast Ocean Acidification Cruises –
2021

• Trinidad Head Line – 2022-2023

• Applied California Current Ecosystem Studies 
(ACCESS) – 2021-2022

• California Cooperative Fisheries Investigation 
(CalCOFI) – 2021-2023

• Southern California Bight Regional Monitoring 
Program (Bight) – 2021-2023

ACCESS

CalCOFI

Bight

Collaborating Programs

NOAA-
WCOA

Trinidad-
Head



We Lack Tools for Measuring OA Impacts

• Indicator species

• Standardized collection methods

• Common methods/metrics for measuring impacts

• An assessment framework to quantify "good" 
from "bad”

We need the tools to define biological impacts



Pilot biological monitoring for California

• Indicator species: 
• Pteropods and crab larvae*

• Standardized collection methods: 
• Bongo tows**

• Common methods/metrics for measuring impacts:
• Shell condition by SEM

• An assessment framework to quantify "good" from "bad”: 
• Moderate to Severe Dissolution as a starting point



Assessment of OA-specific indicator species and 
biological metrics along the California Coast

• Paired chemistry and biology

• OA Indicator Species
• Pteropods: Limacina and Heloconoides
• Crab Larvae: Dungeness and Emerita Dissolution of 

mechanoreceptors

Dissolution of carapace

LimacinaHeliconoidies
Emerita zoea

Intensity and Percent Cover 
of Dissolution



Lessons learned (so far…)

• Pteropods are a good indicator West Coast-Wide
• Limacina and Heliconoides found in all geographic regions

• Crab larvae are challenging for super-regional comparisons
• Species ranges/possibly net sizes effect what we caught

• Overlap in northern California will allow for cross-species calibration

• Shell condition via SEM effective but time consuming

• Sample collection protocols really matter
• Net-size and tow times affect what is caught



Net size effected number of pteropods collected

Bight: 200 µm

ACCESS: 330 µm

WCOA: 330 µm

CalCOFI: 505 µm



Net size affected taxa collected
200 µm net

330 µm net



Bight Limacina are relatively small 
compared to other regions

Bight average = 324 µmNorthern CA average = 918 µmPuget Sound average = 694 µm



Information to come

• Comparison between Emerita and Dungeness dissolution collected at the 
same time/place

• Continued comparison of net size and tow times on pteropod and crab 
communities collected

• Effect of preservation practices and holding times on shell condition

OUTCOME: Recommendations for Best Practices for Collection of 
Pteropods and Crabs for Shell Condition Assessment



Beyond Pteropods: Additional Biological 
Indicators Under Consideration

• Environmental DNA techniques
• eDNA/DNA metabarcoding techniques are a promising approach to plankton and 

fish community assessments
• OUTCOME- Recommendations for sampling strategies and best practices for 

collection and analysis

• Harmful Algal Bloom indicators
• Eutrophication can exacerbate both OAH and HABs, so broad interest in 

incorporating HABs metrics into OAH sampling programs
• OUTCOME- Recommendations for sampling strategies and best practices for 

collection and analysis



Questions?

karenm@sccwrp.org

Planning is underway for Bight ‘23
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